Abstract: Preparing high school students for engineering disciplines is crucial for the sustainable scientific and technological developments in the USA. This paper discusses a precollege program, which not only expose students to various engineering disciplines but also enable them to consider engineering as the profession. The four-week long "Engineering Innovation (EI)" course is offered every year to high school students by the center of outreach, Johns Hopkins University. EI program is designed to develop problem-solving skills through extensive hands on engineering experiments. A team consisting of an instructor, generally a PhD in Engineering, and a teaching fellow, generally a high school science teacher, closely work with students to pedagogically inculcate basics of core engineering disciplines such as civil, mechanical, electrical, materials, and chemical engineering. EI values independent problem-solving skills and simultaneously promote the team spirit among students. A number of crucial engineering aspects such as professional ethics, communications, technical writing, and understanding of common engineering principles are inculcated among high school students via well-designed individual and group activities. This paper discusses the model of EI program and its impact on students learning and their preparation for the engineering career.
development of cutting-edge scientific development will need an unprecedented number of engineers in near future.1 To produce a large number of highly skilled engineering graduates it is crucial to make the high school students interested and prepared in engineering disciplines. 1, 3 Early exposure of engineering disciplines provides unique opportunity for the high school students to evaluate engineering profession as a future career. 4 In addition to early engineering exposure, a more useful aspect of attending an introductory engineering program may be to earn transferable college credits.
Transferable college credits have two utilities: (a) make the college education affordable, and (b) reduce the course load in the initial years and allow student to settle in college with a convenient pace. 5, 6 At present there are a large number of introductory engineering programs, however rarely these program are ABET accredited and provide transferable college credits to high school students. On the other hand there a vast number of courses at community colleges and universities which allow high school students to earn college, credits by attending specific courses; however, such courses are not specifically designed for high school students. Moreover, such courses are unable to
give fundamental understanding about engineering disciplines to high school students via rigorous experimental approaches or hands on experience. (1) Highly specific to an engineering topic, or too generic to give critical level of understanding about engineering basics.
(2) Less emphasis on engineering fundamentals, more emphasis on demonstrations to eligible students, and (c) mitigate the disconnect between college and high school education.
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EI is becoming popular and every year increasing number of participants is joining this program, not only from the USA but also from the abroad. In 2011, 309 high school students attended EI program at various sites in the USA (Fig. 1 ). For every site, an instructor, generally with a PhD degree in an engineering discipline, and a regional high school teacher, generally with several year of teaching experience, are paired to conduct EI program. Before the beginning of actual EI program instructors and teaching fellows undergo one week rigorous training at Johns Hopkins University campus. During training instructors and teaching fellows are trained in teaching fundamentals of multiple engineering disciplines. During training instructors and teaching fellows are supervised to conduct a variety of engineering experiments which high school students will be required to do under the EI program for their problem based learning. 10 EI course include the lecture and experiments pertaining to a number of important engineering disciplines. 7 In order to connect the class room instructions and the experimental learning to the real life applications students are asked to apply learned material to make functional engineering systems. The engineering systems, that student produce are designed to emphasize the core concepts of specific engineering streams.
To teach the components of mechanical, materials and civil engineering EI students make bridges. The bridge is expected to be made up of various trusses. Students are taught civil and mechanical engineering fundamentals to design trusses. Trusses are made up of various types of spaghettis; a cheap material which shows student that this edible stuff is can be a resource for learning engineering. Spaghettis are the structural material for the truss hence they are extensively studied under the materials experimental lab. In materials lab, students measure bending, tension, buckling properties of the various spaghettis. After understanding the various types of strengths students design individual bridge segments and justify their dimensions. Materials lab is one of the major components of the EI program, and serves multiple purposes. For instance student learn how to analyze a large set of data using Excel, do error analysis and more importantly develop a representative mathematical model from the experimental data. Developing the representative mathematical model from the raw experimental data teaches student how to approach a new and vaguely defined real life problem. Such skills are the core strengths of an engineer or scientist which is generally never taught by a formal course.
A student learn them as the need arise and that to in varying degree; as a major drawback such skills are not discussed in general context and their connection to science and engineering problems pertaining to real life situations remain incompletely explored. EI endowed high school with the ability to deal with new technological problems via simple yet well designed hands on experiments.
EI program acknowledge the fact that most of the high school participants did not preparatory courses to assimilate engineering concepts. To bridge the knowledge gap and to provide an inquiry base teaching of engineering fundamentals generally EI instructor present interactive lectures on the major topics. For instance before the materials lab a class room discussion is presented about the materials properties, usage, and testing. In order use a material as structural material students are taught statistics.
Students are asked to apply their understanding about statistics in virtual experiments.
In virtual bridge designer experiment students design their bridge and analyze nature of compressive or tensile loads on the individual components of a bridge. After selecting a bridge design, based on their understanding of statistics, student construct individual trusses/ bridge components utilizing their knowledge about spaghettis' tensile, buckling and bending strength learnt from the materials class and lab.
To further teach the civil engineering basics or at least a small component of it students perform remote measurement lab. This lab utilizes meter scale and string as the surveying tools to measure the aerial distance between the apexes of two multistory buildings. This outdoor lab teaches the ways to estimate engineering quantities using limited resources. Students apply trigonometry to accomplish the assignment and apply calculus for determining the systematic and random type common errors in their measurements. This EI assignment also let student experience the utility of learning math and their applicability in engineering and science.
To teach the electrical engineering concepts students are engaged in developing mechatronics system, which is a light sensing robotic car. Students are taught about the procedure to develop microcontrollers performing the intended tasks. To guide the students through the complex concepts, students are taught about the logic circuit and how to develop it by using Boolean logic and logic gates (mainly NAND gate). This lab also enables the students to understand the basics of robotics and associated challenges.
Developing a logic circuit from scratch and then seeing it functioning successfully is one of the most positive experiences that students had from the EI program. EI recognize that successful and meaningful engineering career involve understanding of various other subjects, not just mastering technical skills. Other subjects, which EI also include in its curriculum, are professional ethics, finance, communication, and ability to estimate.
To teach the vital role of ethics in engineering and science an interactive session is designed. Different EI instructors conduct ethical education session in several ways; generally by presenting numerous past ethical cases which adversely impacted economy, safety, and social wellbeing. Ethical education is imparted through the discussion on the variety of case studies or hypothetical situations. Students provide their stand with regards to individual case studies. Through the discussion with peers and instructors they realize in many cases difference between right and wrong approach is not obvious.
Interestingly, in the beginning EI student appeared to consider ethical discussion unnecessary or not important as they seemed to be content with their own ways of justifying right and wrong practice.
This program includes discussion and assignments on the role of money and finance in engineering. Students perform calculations to understand how the value of money changes with time. How a long term project may be impacted by changing value of money and availability of finance? EI lesson focuses on inculcating the importance of time and money in engineering. EI students are exposed to several types of interest rates, inflation, and method of justifying long term finance via various strategies.
Engineering disciplines are heavily based on communications. In engineering, it is crucial that one engineer effectively communicate the guideline and instruction for the other engineers to enable the economical, safe and efficient completion of a project. For instance, design engineers must effectively communicate the design of an engineering system to the production engineers. To make high school student realize the importance of communication a number of assignment and activities are incorporated in the EI program. EI Students partake in an exercise in which they design mousetrap within the suggested constraint. Then this design is forwarded to randomly chosen students to build it just "based on written instructions". Finally during an event students test their mousetrap design and give their feedback about the issues they encountered. This is a simple yet highly efficient way to impart the importance of clear articulation and effective communication. In the second communication assignment, students are asked to propose a solution to a pressing technological issue and then market their ideas to other students via a group presentation.
To encourage students to pursue engineering career EI program conduct engineering connection day. On this special day engineers from renowned companies like Northrop Grumman, Ford, local construction companies, active research scientist and higher education specialists are invited to share their insights and experience with EI students. Engineering professional discuss their career journey, views about engineering work they are involved in, and the message for the budding engineers like EI students. Such communication enabled EI student o experience the challenges involved in transitioning from school to college/work. 11 EI students do networking, and get exposed to a number of engineering internship opportunities. For some sites higher education option is also talked about. For instance this year dean of School of Engineering at UDC talked about potential advantages of higher education and numerous funding opportunities in graduate schools.
Estimation plays crucial role in engineering projects. EI students are taught that engineers and scientist generally do not have access to accurate value of all the variables, and even they may not be aware of all the variables. Ability to estimate engineering and scientific quantities with least error becomes crucial in taking important decisions. To hone the skills of estimation EI students are administered a variety of Fermi problems. In fact instructors use them as buffer activity to break the monotony of long lectures and other EI activities. Most of the time EI final exam for earning college credits also includes an estimation problem.
Along with the major EI activities students are taught about graphing, report preparation, error analysis, dimensional reasoning etc.
In the final week of the EI, students work on a weeklong take home exam. Based on their performance in the final exam and grades in the EI assignments which they did throughout the program decide their final grade. In the final week of EI students work in teams to produce Spaghetti Bridge using their engineering skills. On the final day of EI bridge breaking competition is organized. Students test the strength of their bridges in the presence of peers, parents, EI staff and invited guest.
Program Evaluation:
The degree of success of EI program is accessed by multi-facet surveys. In the beginning of EI program students are asked to fill out a pre-survey to record their skill levels, attitude for engineering, and future outlook. Similar survey is administered at the end of EI program to statistically quantify the impact of EI program.
In addition EI alumni were surveyed to gauge the long term impact of EI on to participating students. Survey of EI alumni was also important to map the EI effect from the new stand point. Alumni which are currently pursuing college degree have more matured and realistic outlook to reevaluate the EI effectiveness. For conducting these surveys and to evaluate the overall effectiveness of EI program an independent program evaluator was appointed. The external program evaluator also interviewed EI students and teaching staff about the various aspects of EI program. The data discussed here is mainly drawn from the surveys of EI students. (Table 1) . Interestingly, percentage of white students in last three years have been in the 38-49 range; in the 2011 EI program it was 47% (Table 1) . Percentage of Asian participants ranged from 13-29. Another interesting trend was observed with minority participants. In the 2006 EI it was 73%; however, this percentage dramatically dropped to 34%. Reduction in the female and minority participants also appear to be correlated with the drop in the full or partial scholarships. Percentage of partially and fully supported EI participants decreased from 83% to 55%. It will be interesting and important to study if minority and female participation can be boosted by the financial support.
EI program contents are considerably challenging. High school students are generally selected by ensuring that they have earned reasonable proficiency in math, science, and English. Majority of the EI participants took biology, chemistry, algebra, algebra II and geometry (Table 3 ). The percentage of students who attended trigonometry, pre-calculus, and calculus were 69, 68, and 26, respectively. As discussed elsewhere in this paper, students who attended trigonometry and pre-calculus were found to assimilate EI material more effectively and were more likely to earn college credits. This trend is consistent with the observation about students in STEM disciplines at UDC. Students who completed pre-calculus were highly likely to complete the college degree in time. Effectiveness of EI was measured by surveying the EI participants response to specific engineering skills before and after the completion of program. Tabulated results showed that EI program significantly enhanced a number of engineering skills (Table 4) .
EI participants showed the highest gain in using Boolean logic (38% increase Describe uncertainty in a set of data using standard deviation 36 57 21 Female students performed quite differently as compared to male students.
Significantly more male students earned college credit than female students -54 percent versus 39 percent (chi2=4.64, p=.031). The mean exam score for male students was higher than the mean exam score for female students (48.5% vs. 39.5%, F=7.04, p=.008).
Minority students' performance was below average. Mean exam score for minority students was 29%; however, mean exam score for non-minority student was 54% ( Table   5 ). As a corollary fewer minority students earned the college credits; 29% of the minority students earned college credit, while 75% of non-minority students earned the college credit. At the sites like UDC it was observed that minority students were relatively less prepared to assimilate EI course material. [12] [13] [14] Data suggested that students with trigonometry and pre-calculus earned better exam grades and were more successful in earning college credits. Table 6 shows the mean exam scores and receipt of college credit for students who took these two courses previously as compared to those who did not attend these courses. As shown, the mean exam score for students who took a trigonometry class prior to EI was 49%, compared to a mean score of 37 % for students who did not take a trigonometry class (F=14.33, p=.000). Additionally, 55% of students who took a trigonometry class earned college credit, compared to 38% of students who had not taken a trigonometry class prior to the program (chi2=6.93, p=.008). Similar results were found for pre-calculus. Students who had taken pre-calculus had a higher mean exam score than students who did not (50% versus 36%, F=19.95, p=.000) and students who took pre-calculus were also more likely to have earned college credit (56% compared to 35% of students with no precalculus experience, chi2=9.88, p=.002). Interestingly, there was no significant difference due to the other courses listed in Table 2 . Pre-calculus and trigonometry were found to produce decisive effect on the student performance. In order to compare the learning experience of students who earned the college credit and who did not their skills before and after the EI program were compared (Table   7 ). This comparison is important in the light of findings about the students learning who attended courses at community college and local universities to earn the college credits.
Student took trigonometry
Finding suggested that in many cases even though a student earned college credits but in many cases no measurable difference was noticed in skills. Table 6 : Exam score and college credit for students with and without prior math experience (n=191)
Our study reflects that student who earned college credit in EI program also garnered more skills. There were two important differences in earned skills for students who earned college credit versus those who did not. First, the percentage of students who could perform these skills after the program were quite a bit higher for students who earned credit compared to students who did not. Second, the percentage improvement in skills of students was much larger among students who earned college credit than for students who did not earn college credit. For instance, skill of writing "assembly instructions that someone else can follow" improved greatly for the students who earned the college credits (Table 7 ). This suggests that students who did not earn credit for the course also did not develop these skills at par with the students who earned credit. This correlation between success in earning college credit and improvement in skills is logical and expected (Table7). This lower level of skill development probably explains the lower exam scores for these students and, ultimately, why these students did not earn the college credit. Effect of EI program on the participants' outlook about engineering career was studied. A number of questions were asked in the pre and post survey to quantify the change in student attitude about engineering. Data suggested that there was insignificant change in students perception. Students interest in engineering before and after EI program remained practically unchanged (mean pre-score 33.9 and mean post score 33.9) (Table 8 ). Similar observation were recorded about the other question listed in Table 8 .
The unchanged perception signifies that EI participants were already quite motivated to explore engineering and its relevance to societal need. In future it may be interesting to form a section of students who are disinterested in engineering and then record the change in their attitude towards engineering before and after the EI program Finally students were asked to rate the EI program. More than 90% student rated EI program good, very good and excellent. More than 40% students rated EI program to be very good. This data signifies that EI program was a positive experience for most of the participants. According to interviews of numerous participants, EI program enabled them to appreciate the engineering from different angles, which they never imagined. It was also noticed that student tend to utilize their positive experiences in their high school To study the long-term effect of EI program alumni were asked to participate in a survey. As a positive note 46% of the alumni reported that due to EI they decided to become engineer ( Table 9 ). Most of the EI alumni (77%) reported that EI enabled them to think more carefully about the engineering career. Due to EI, a number of alumni realize that engineering is not the profession for them. It seems that EI is also a good medium in providing more realistic outlook about engineering for the students with different aptitudes and skill sets. It is also noteworthy that even though 2011 EI students did not showed any significant change in their aptitude about engineering (Table 8) Nonscience/math 11
Not specified 1
Summary: Core value of EI program is that it teaches approaches to solve engineering problems and develop engineering aptitude. Students are given a number of individual and group assignments. They work in team on major engineering experiments like: materials properties, structure design, robot construction, and bridge building etc. Prior to experiments students take part in lecture and discussions on the relevant topics.
Instructor and teaching fellow provide optimal pedagogy to foster independent critical thinking. During EI program students are engaged in the discussion of professional ethics, engineering economics, and data analysis. At the end of the third week students are given a take home exam. Passing in this ABET accredited EI program and satisfactory performance in EI assignments make them eligible to get three transferrable college level credits. 
